Expression of extracellular matrix (ECM) components during differentiation of preexisting preadipocytes and preadipocytes recruited by dexamethasone (DEX) was examined with immunocytochemistry in primary cultures of adipose tissue stromal vascular (S-V) cells. Immunocytochemistry showed that a small proportion of preadipocytes (AD-3+) in 24-h cultures ( d 0 to 1 ) contained lipid or expressed ECM. Two days of insulin treatment markedly increased preadipocyte ECM expression, and preadipocytes were "rounder" than those not treated with insulin. Dexamethasone with insulin increased preadipocyte recruitment two-to fivefold in completely serum-free cultures and in cultures serumfree after seeding and plating in serum for 1 to 3 d. Double staining demonstrated that ECM expression and lipid accretion were tightly coupled and lagged significantly behind preadipocyte recruitment (AD-3 expression). Double staining (lipid and AD-3) also demonstrated remarkable and unexpected cytological traits indicating a "reticuloendothelial" nature of newly recruited preadipocytes. Time-lapse phase contrast microscopy verified these observations and demonstrated that small adipocytes and preadipocytes migrated and formed cell-to-cell contacts while aggregating and clustering. Large clusters of lipid-free preadipocytes developed in DEX-treated cultures, but not in cultures treated with DEX + insulin. However, the influence of DEX on preadipocyte recruitment and ECM expression was independent of insulin. Preadipocytes on ECM substrata accumulated lipid but were "flat" and did not express ECM components, regardless of insulin or DEX treatment. These studies clearly indicate that preadipocytes express ECM components after recruitment, and the ECM may be critical for morphological development of adipocytes.
Introduction
Glucocorticoids have a major influence on adipogenesis and lipid accretion at the molecular and cellular level (reviewed by Hausman et al., 1993; Wu et al., 1995) . In particular, fetal pig studies indicate that glucocorticoids may influence preadipocyte commitment. Anti-adipocyte monoclonal antibodies that identify preadipocytes (AD-1, AD-3; Wright and Hausman, 1990) were used to show that the number of lipid-free preadipocytes (AD-1+) in stromal vascular cell ( S-V) cultures increased with fetal age (Wright and Hausman, 1990) . Because serum glucocorticoid levels increase with fetal age (Spencer et al., 1989) , glucocorticoids may be responsible for preadipocyte recruitment (AD-1+, no lipid) in vivo. The cytochemistry and morphology of newly recruited preadipocytes is unknown, but it can be studied in porcine S-V cultures (Yu and Hausman, 1997) .
The extracellular matrix ( ECM) plays a critical role during cell proliferation and differentiation (reviews, Hay, 1991; Alberts et al., 1994; Dodson et al., 1996; Lau et al., 1996) . The ECM and the ECM component laminin enhance attachment and spreading of primary neural cells (Kleinman et al., 1985) . We have shown that ECM and laminin substrata enhanced preadipocyte attachment and spreading in porcine S-V cultures (Hausman et al., 1996) . However, it is not known whether and when major ECM components are expressed during preadipocyte differentiation in vitro.
Materials and Methods

Cell Culture
Pigs between 5 and 7 d of age were obtained from a commercial producer and overdosed with thiopental Na and exsanguinated. Subcutaneous adipose tissue was aseptically removed and S-V cell cultures established as described elsewhere (Hausman, 1989) . Aliquots of S-V cells were stained with Rappaport's stain and counted on a hemocytometer. Cells were seeded in 35-mm culture dishes containing 2 mL of medium containing 10% fetal bovine serum ( FBS) at a density of 2 × 10 4 cells/cm 2 . Cells were cultured at 37°C in a humidified 5% CO 2 atmosphere. Serum-free culture medium (Hausman, 1989) consisted of Dulbecco's modified Eagle's medium/Ham's nutrient mixture F-12 (1:1 vol/vol; Sigma Chemical, St. Louis, MO), with 15 mm NaHCO 3 , 5 mm glucose, 40 mg/L gentamicin sulfate, 50 mg/L cephalothin, and 2 mg/L Fungizone (Gibco, Grand Island, NY) supplemented with a mixture of 850 nM insulin ( I) , 5 mg/mL transferrin ( T) , and 5 ng/mL selenium ( S; Collaborative Biomedical Products). In a completely serum-free protocol, cells were seeded and plated in serum-free media (ITS) in 35-mm dishes precoated with fibronectin ( FN; 18 mg/dish; Sigma Chemical) and were, therefore, never exposed to serum. To examine the influence of the ECM on laminin expression by preadipocytes, we used a soluble extract of Engelbreth-Holm-Swarm tumors (E-C-L; Upstate Biotechnology, Lake Placid, NY) designated herein as ECL substratum to precoat ( 7 to 15 mg/cm 2 ) 35-mm dishes. Unless otherwise noted, media were changed every 3 d.
Experimental Protocols
Because FBS exposure adversely influences the capability of preadipocytes to differentiate in S-V cultures (review, Hausman et al., 1993) , we used several protocols that ranged from 3 d to no FBS exposure (seeding and plating) in experiments with dexamethasone ( DEX) (30 nm) + ITS and DEX alone. Cultures were seeded and plated in FBS for 1 ( n = 3 ) or 2 d ( n = 2 ) followed by 5 d of DEX+ITS treatment. The data for five replicates ( 1 and 2 d of FBS exposure) were combined because preadipocyte recruitment was similar in these groups. After 1 d of FBS, cultures were also treated with TS for 2 d or ITS for 5 d ( d 1 to 5; n = 4 replicates). Another replicated protocol was seeding and plating for 24 h in FN-coated dishes followed by 5 d of treatment with either DEX+ITS ( n = 5), ITS, or TS ( n = 2). With DEX alone, cells did not remain attached for more than several days. Cultures seeded and plated in FBS for 3 d were treated with either DEX+ITS, DEX alone, ITS, or basal media alone for 5 d. These protocols were replicated four to five times. The S-V cultures derived from one pig/day were used in each replicate, so number of replications equals number of pigs used for that study. Because extensive rinsing after FBS may be critical to differentiation in serum-free porcine S-V cultures (Suryawan and Hu, 1993) , we compared no rinsing to several rinses after 1 and 3 d of FBS in the protocols described above. Recruitment of preadipocytes (AD-3+) by DEX or DEX+ITS was not significantly affected by degree of rinsing after FBS (data not shown). In three additional experiments, cells were seeded and plated in ITS in either ECL-coated, FN-coated, or uncoated dishes followed by either 5 d of ITS or 5 d of DEX+ITS.
After 1 d ( d 0 to 1; n = 9 ) with FBS or no serum (FN; n = 5 ) or after 3 d ( d 0 to 3; n = 4 ) with FBS, two to three dishes/replicate were used for immunocytochemistry, cytochemistry, and lipid staining. Cultures were stained for the AD-3 antibody or AD-3 and lipid (three dishes per replicate per stain) after 2 d of DEX+ITS treatment ( d 1 to 3 ) following 1 d of FBS. At the end of the treatment period, cultures were either stained with oil red O for lipid and hematoxylin, reacted for laminin, stained with AD-3, or doublestained for lipid and either laminin or AD-3 (three to six dishes per replicate per stain). These dishes were used for total cell counting, fat cell counting, and counting of immunoreactive cells. Cultures were reacted for type IV collagen in addition to laminin in initial studies. Three dishes were reacted for either AD-3, laminin or type IV collagen in each of three replicates of the ECL substrata studies.
Histochemistry and Evaluation of Immunoreactive Cells, Fat Cells, and Total Cell Number
Cultures were routinely stained for lipid and counterstained as detailed elsewhere (Hausman, 1981) . Three photomicrographs ( ×70) of each vessel were used for total cell counting. Fat cells and immunoreactive cells were counted in photomicrographs of 10 to 15 microscopic fields (field = 2.2 mm 2 ) of each dish.
Immunocytochemistry and Image Analysis
We stained for the AD-3 monoclonal antibody to identify or mark preadipocytes as described (Hausman et al., 1996) . Culture vessels were rinsed, fixed in 4% paraformaldehyde, rinsed and reacted with AD-3 (1/250 of ascites fluid), and stained with FITC antimouse IgG, or we used an ExtrAvidin Peroxidase staining kit for monoclonal antibodies per manufacturer's instructions (Sigma Chemical). Cultures were then rinsed, covered, and mounted in Elvanol. Additional cultures were rinsed, fixed, and incubated with either rabbit anti-laminin (1/250; Chemicon) or rabbit anti-type IV collagen (1/250; Chemicon) and reacted with goat ( FITC) anti-rabbit IgG (100 mg/mL; Sigma Chemical; Hausman et al., 1991) or we used an ExtrAvidin Peroxidase staining kit for polyclonal antibodies per manufacturer's instructions (Sigma Chemical). Peroxidase staining facilitates quantification of the number of immunoreactive cells and was used in all replications after initial studies with FITC second antibodies. Double staining involved reacting/ staining for either laminin, type IV collagen, or the AD-3 antigen (as above) followed by rinsing and staining for lipid with the oil red O procedure. The immunocytochemical procedures were not modified but simply combined with lipid staining. We also stained with rabbit anti-type IV collagen (Chemicon) with FITC and peroxidase second antibodies, but there was little to no reactivity in cultures and in tissue sections. Use of an unrelated primary antibody or second antibody alone showed either no fluorescence or little to no peroxidase staining.
Adipocyte size was quantified in photographic negatives of AD-3 reactive cells as described (Hausman et al., 1996) . Laminin reactivity/cell was quantified in photographic negatives of cells stained for laminin and lipid. Images of reactive cells were magnified 400 to 600× and image (cell) area quantified by computer-assisted image analysis using a Dage CCD-72 camera (Dage-MTI, Michigan City, IN) and 1M-3000 software (Analytical Imaging Concepts, Irving, CA). For each replicate, 15 to 20 adipocytes were imaged and measured.
Phase Contrast Microscopy-Time Lapse Studies
Phase contrast micrographs of marked areas on the bottom of 35-mm dishes or 35-mm wells ( 6 × 35 multiwell plates) taken once or twice daily for 3 to 4 d were used to confirm the unexpected morphologies observed after immunocytochemistry. Fetal bovine serum seeded and plated cultures and cultures on FN were treated with DEX+ITS or ITS. Cultures plated in FBS were either not rinsed or rinsed several times before DEX+ITS treatment. The first micrographs were taken when DEX treatment began.
Enzyme Analysis
We assayed for Sn-glycerol-3-phosphate dehydrogenase ( GPDH; EC 1.1.1.8.; Hausman, 1989) in studies of DEX in a partially (FBS seeding and plating) and a completely serum-free protocol (FN). Three culture dishes or wells per replicate were scraped and used for enzyme analysis. Cytosolic protein concentrations were determined according to Lowry et al. (1951) .
Statistics
Data were subjected to an analysis of variance procedure using the SAS (1985) program. In some instances, comparison of treatment means was accomplished by Student's method for comparison of two means (Steele and Torrie, 1960) .
Results
Preadipocyte Morphology, Immunocytochemistry, and Cytochemistry after 24 Hours of Culture
Preadipocytes (i.e., AD-3+ cells) were randomly distributed throughout the dish and were not clustered because the number of AD-3 cells/cluster was 1.26 ± .05 (mean ± SEM) for cultures seeded and plated in FBS and was 1.36 ± .07 for cultures without serum (FN). Number of preadipocytes greatly exceeded number of laminin-reactive cells and number of cells with small lipid droplets (i.e., small fat cells; Table 1 ). Data from FBS and FN cultures were not significantly different and were combined (Table 1) . Double staining for AD-3 and lipid showed that small fat cells were more reactive for AD-3 than preadipocytes with no lipid (Figure 1a, b) . In contrast to AD-3 reactivity, there was little to no laminin and type IV collagen reactivity on the surface of small fat cells (Figure 1c, d ).
Preadipocyte Recruitment After Little or No Exposure To Serum
Treatment with DEX+ITS induced the "recruitment" of preadipocytes (i.e., expression of the AD-3 antigen) six-to sevenfold in completely serum-free cultures (FN substrata) and in cultures seeded and plated in FBS for 1 to 2 d (Table 1) . Preadipocytes were recruited as loosely arranged clusters of cells that, with time, were often interconnected by one or (Table 1) . Fat cell number was greater for FBS-plated cultures (Table 1) , but ratios of laminin-reactive cells to AD-3 cells (Figure 3 ) and laminin-reactive cells to fat cells (Table 2 ) were similar for FN and FBS cultures after DEX+ITS treatment. Double staining clearly showed that laminin and type IV collagen expression was slightly later than lipid accretion, whereas AD-3 expression preceded lipid accretion (Figure 2 ). Insulin alone did not recruit preadipocytes; AD-3 cell number was 11 ± 2/unit area after 4 d of ITS treatment ( d 1 to 5 ) on FN.
We extended the length of DEX+ITS treatment on FN substrate to demonstrate the capability of preadipocytes to fill with lipid on FN because fat cell number was very low after 5 d of treatment (Table 1) . Eight days of DEX+ITS treatment significantly increased fat cell number on FN compared to ITS Figure 2 . Lipid, AD-3, and type IV collagen staining in cultures seeded and plated in FBS from d 0−2 followed by treatment with DEX+ITS from d 2−6. Cultures double-stained for lipid and AD-3 showed many lipid-free preadipocytes (a, arrowheads) and a few preadipocytes with lipid (a, arrows). Double-staining for lipid and type IV collagen showed that fat cells (b, arrows) were type IV collagen reactive whereas preadipocytes with little lipid (b, arrowheads) expressed little type IV collagen and there were no lipid-free, reactive cells a, b, ×128. controls (Table 3) . Furthermore, 8 d of DEX+ITS treatment on FN nearly doubled GPDH activity (Table 3) . Double staining for lipid and AD-3 revealed notable morphological aspects of preadipocyte differentiation in FN cultures and 1-d FBS-plated cultures in as little as 2 d after DEX+ITS (Figure 4 ). Clumping and arrangements of preadipocytes around or near "open" spaces ( Figure 4a , b ) were unusual and unexpected because cells were evenly dispersed throughout the dish after 24 h of culture. In confluent areas lipid-free preadipocytes had numerous short "spiny" processes (Figure 4c, d) . In areas devoid of cells, these processes were longer with swollen or bulbous segments. Adipocytes (AD-3+, lipid+) were virtually devoid of processes (Figure 4d ). Very extensive cell-to-cell connections and(or) interdigitations between preadipocytes or between preadipocytes and adipocytes were common but were not observed between adipocytes (Figure 4b−e) . In some instances, apparent contiguous cell processes between preadipocytes were very long and clearly traversed over or under nonpreadipocytes (Figure 4e ). In contrast, preadipocytes in control cultures (ITS, 2 d ) had fewer and less extensive processes (Figure 1i ).
Phase Contrast Microscopy-time Lapse Studies
Cultures seeded/plated for 2 d in FBS were too dense to examine cell migration or movement, but DEX-induced morphological changes reported above were confirmed by phase contrast microscopy. Regardless of treatment (ITS, DEX+ITS), serum-free cul- (Figures 5 and 7) . We also documented development of long cell processes between noncontiguous preadipocytes (Figure 6 ). These processes apparently developed or extended over non-preadipocytes (Figure 6 ).
Preadipocyte Recruitment in Serum-Free Conditions After Seeding and Plating in FBS for 3 Days
Treatment with DEX+ITS and DEX alone induced preadipocyte (AD-3+) recruitment and increased the number of laminin-reactive cells (Table 4) . The relationship of preadipocyte recruitment to laminin reactivity and lipid filling was similar for d 3 to 7 (Table 4 ) and d 1 to 5 (Table 1 ) treatments, as indicated by similar ratios of laminin-reactive cells to AD-3 cells (Figure 3) . Ratios of laminin-reactive cells to fat cells were also similar for all DEX+ITS groups (Table 2) . However, results of DEX alone were exceptional because fat cell number was not increased compared to cultures with ITS from d 3 to 7 (i.e., 11 ± 1/unit area). Furthermore, compared to DEX+ITS treatments, the ratio of laminin-reactive cells to fat cells for DEX cultures was higher (Table 2) , and the ratio of laminin-reactive cells to AD-3 cells was similar. The GPDH activity was increased by DEX+ITS, but it was not influenced by DEX alone (Table 3) . Double staining of DEX cultures showed that AD-3, laminin, and type IV collagen expression preceded lipid accretion (Figure 8a, b) . Type IV collagen and laminin reactive cells without lipid were observed only in DEX cultures (Figure 8b ). Laminin and type IV collagen reactivity in ITS cultures ( d 3 to 7 ) was restricted to fat cells (Figure 8c, d ).
Preadipocytes were recruited as loosely arranged clusters in DEX+ITS cultures and as very tight clusters in DEX cultures (Figure 8a ). The number of AD-3 cells/cluster was significantly higher after DEX treatment compared to either FBS, d 0 to 3 (Table 4) , or d 3 to 7 basal media alone (i.e., 3 ± .4). The AD-3 cell number/cluster after seeding and plating in FBS for 1 d was 1.26 ± .4, which was significantly different ( P < .05) from the 3 d FBS and DEX d 3 to 7 values.
Immunocytochemistry for Type IV Collagen and Laminin and Cytochemistry Between Days 1 and 4 in Serum-Free Cultures
Double staining showed that most small adipocytes were type IV collagen-and laminin-reactive after 2 d of ITS treatment (after 1 d of FBS), whereas most adipocytes were not immunoreactive after 2 d of TS treatment (Table 2 , ITS vs TS laminin-reactive cell/ fat cell ratios). The surfaces of adipocytes in ITS cultures were uniformly stained, whereas adipocytes in TS cultures were either not stained or stained in patches (Figure 1e, g ). Ratios of laminin-reactive cells to AD-3 cells also demonstrates that the ontogeny of laminin reactivity of adipocytes/preadipocytes was insulin-dependent (ITS vs TS; Figure 3 ). Image analysis was used to quantify the laminin-stained surface area as a percentage of total adipocyte surface area; these values were 60 ± 1% for ITS cultures and 11.5 ± 2% for TS cultures. Because of high background in some negatives, it was necessary to lower the threshold for laminin reactivity, which resulted in a lower percentage area for cells in ITS cultures than would be expected. Insulin was not necessary for development of laminin reactivity of adipocytes in cultures on FN from d 1 to 4 (Figure 1h ).
Immunoreactivity of Cultures on ECL Substrata
Regardless of treatment, all preadipocytes/adipocytes on ECL were uniformly stained for the AD-3 antigen, but there was little to no reactivity for laminin or type IV collagen (Figure 1j ). Image Table 2 Table 3 . The influence of dexamethasone (DEX) on GPDH activity (nmol of NADH per min per mg protein) and fat cell number/unit area in serum-free cultures after seeding and plating in FBS for 3 d or without serum on FN substrata a a Means ± SEM of two or three experiments; GPDH values expressed as percentage of activity of control cultures (those with no DEX). Each experiment used four dishes for GPDH assay. DEX+ITS significantly enhanced fat cell number/unit area compared to insulin alone ( P < .05) and in each experiment GPDH activity was significantly enhanced by DEX+ITS treatment ( P < .05). analysis of stained cultures (ITS treatment) showed that the percentage of adipocyte surface area stained for laminin was 2.3 ± .5% for ECL cultures, compared to 70 ± 4% for cultures on FN.
. Ratios of laminin-reactive cells to fat cells in insulin (ITS)-treated cultures, dexamethasone (DEX)-treated cultures, ITS-and DEX-treated cultures (ITS+DEX), and cultures without insulin (TS) a
Cell Size and Total Cell Number
Cell size was not determined for DEX+ITS treatment after 1 d of FBS plating. Preadipocytes/adipocytes significantly ( P < .05) increased in size only during ITS treatment ( d 1 to 3; Table 5 ). Total cell number did not increase during 5 d of DEX+ITS treatment (Table 5 ). However, cell number increased between d 0 to 3 with FBS, but there was no increase between d 3 to 7 regardless of treatment (Table 5 ).
Discussion
Results herein are the first to demonstrate a relationship between lipid accretion and expression of major ECM components by newly recruited preadipocytes in vitro. Under a variety of conditions, including serum-free throughout, lipid accretion slightly preceded onset of laminin and type IV collagen reactivity, which lagged significantly behind expression of the AD-3 antigen (i.e., preadipocyte recruitment). Immunocytochemical results and the consistency of the ratio of laminin-reactive cells to fat cells indicated that despite a slight developmental lag, lipid accretion and laminin expression were tightly coupled changes. Therefore, ECM development (laminin and type IV collagen staining) may not be associated with "initial" lipid accretion but may augment or support continued lipid accretion and associated morphological changes. Development of a "rounded" or three-dimensional morphology did not always accompany lipid deposition, but it was always associated with ECM expression, indicating that the ECM may facilitate morphological changes per se. For instance, results of studies with ECL (ECM) substrata showed that preadipocytes on ECM substrata accumulated significant amounts of lipid, but were "flattened" or two-dimensional (Hausman et al., 1996) and did not express laminin or type IV collagen (present results). Furthermore, fetal ultrastructural studies showed that small preadipocytes (little lipid) were not "rounded" and had either a discontinuous or no ECM and no membrane specializations (Hausman and Richardson, 1982) . In contrast, larger preadipo- Table 4 . Characteristics of preadipocyte recruitment in serum-free conditions after seeding and plating in fetal bovine serum (FBS) for 3 d a a Values are least squares mean ± SEM for four or five experiments or replications with three or four dishes in each replicate. Cultures were reacted for laminin, the AD-3 antibody, and stained for lipid after 4 d of DEX+ITS ( d 3−7 ) or 4 d of DEX treatment ( d 3−7 ) following seeding and plating for 3 d in FBS (FBS, d 0−3). As expected, treatment from d 3−7 with insulin or basal media (no hormones) did not influence AD-3 cell recruitment; AD-3 cell and fat cell number/unit area were 8 ± 1 and 11 ± 1, respectively, for ITS, d 3−7 (means ± SEM for four or five experiments). ND = not determined.
b,c Means within a row with different superscripts are significantly different ( P < .05).
d,e,f Means within a column with different superscripts are significantly different ( P < .05).
g,h Significantly different ( P < .05) from each other; AD-3 cell number/cluster after seeding and plating in FBS for 1 d was significantly different ( P < .05) from the 3 d FBS and DEX d 3−7 values. In cultures treated from d 3 to 7 with basal media alone (no hormones) the number of AD-3 cells/cluster was 3 ± .3 (mean ± SEM of two experiments), which was not different ( P < .05) from the 3 d FBS value. AD-3+ 22 ± 4 bd 75 ± 5 cd 80 ± 4 cd cells/unit area Laminin+ 9 ± 5 be 26 ± 5 ce 37 ± 5 ce cells/unit area Fat cells/ 2 ± 4 be 34 ± 4 ce 13 ± 4 bf unit area AD-3 cells/ 2.9 ± .4 g ND 8 ± .5 h cluster cytes were rounded and had a continuous and distinct ECM associated with a number of membrane specializations (Hausman and Richardson, 1982) . Collectively, these studies indicate that the ECM may play a critical role in morphological differentiation of preadipocytes. By manipulating conditions (substrata, insulin) in the present study, we were able to demonstrate that expression of ECM components may be more closely linked to morphological development than to lipid deposition per se. This is the first report on the morphology and cytochemistry of pre-existent preadipocytes in primary S-V cultures. We double stained for the AD-3 antigen and lipid and documented cell migration and aggregation with phase contrast microscopy. Phase contrast microscopy clearly demonstrated that preadipocytes/ small adipocytes moved or migrated into cell clusters and possibly initiated alignment or aggregation of the clustered cells. Possibly, ECM development is a crucial aspect of the "activation" and subsequent migration of preadipocytes/small adipocytes by providing stability for a three-dimensional shape. Nevertheless, these novel observations demonstrate that developing adipocytes have an inherent tendency to cluster or aggregate in vitro. In other words, porcine adipocytes inherently "cluster" during development because cell "clustering" is also a major characteristic of adipocyte development in vivo. Additionally, the apparent developmental interaction of preadipocytes and nonpreadipocytes (present study) may be comparable to the developmental relationship between preadipocytes and associated endothelial cells in the fetus (Hausman and Richardson, 1982; Hausman and Kauffman, 1986) . Future studies are needed to determine the nature of the apparent interactions between preadipocytes and nonpreadipocytes in vitro.
The present study also reports for the first time the morphology of newly recruited preadipocytes (AD-3+) in primary S-V cultures. Recruited preadipocytes did not express several ECM components but were morphologically diverse and had extensive processes. Phase contrast microscopy provided evidence of migration, aggregation, and clustering of preadipocytes and stromal cells and formation of contacts between contiguous and noncontiguous preadipocytes and stromal cells. Consideration of ultrastructural studies of fetal adipose tissue provides the proper perspective for these remarkable observations. For instance, in fetal tissues some stromal cells had cilia, indicative of motility, and, in general, stromal cell morphology was variable with long cell processes that had enlarged or swollen segments (Hausman and Richardson, 1982) . Preadipocytes were located around small blood vessels (perivascular location) and had little lipid and little to no ECM. There were numerous intercellular contacts between perivascular preadipocytes and between preadipocytes and adipocytes, and these were similar to intercellular contacts between endothelial cells (Hausman and Richardson, 1982) . The perivascular location and "endothelial-like" intercellular contacts or junctions indicate that fetal preadipocytes and their progenitors are "reticuloendothelial" cells. Morphological observations herein clearly show that stromal cells, newly recruited preadipocytes, and even small adipocytes retained reticuloendothelial traits in vitro. In this regard, the present study clearly suggests that reticuloendothelial progenitor cells in the fetus may be susceptible to dexamethasone (or glucocorticoid) preadipocyte recruitment. There is considerable circumstantial evidence that glucocorticoids recruit preadipocytes during fetal development (Hausman, 1992; Wright and Hausman, 1993; Chen et al., 1995) . Furthermore, the morphological aspects of preadipocytes and their progenitors demonstrated herein validates the primary S-V culture system for studies of preadipocyte recruitment and differentiation.
We have reported direct (Yu and Hausman, 1996) and indirect evidence Richardson et al., 1992 ) that dexamethasone ± insulin treatment recruits preadipocytes in S-V cultures after 3 d of seeding and growth (FBS) . In this study, we demonstrated that preadipocyte recruitment after 3 d of plating had several features. For instance, cultures treated with DEX alone were characterized by very distinct clusters of preadipocytes with a 1.7-fold increase in number of preadipocytes per cluster, whereas distinct clusters of preadipocytes were not as prominent after DEX+ITS regardless of the duration of plating. Preadipocyte clustering with DEX is probably not attributable to cell replication because total cell number did not change during DEX treatment and preadipocyte recruitment with DEX+ITS after 3 d of plating is not dependent on mitosis (Yu and Hausman, 1996) . There is evidence that progenitor cells most susceptible to recruitment by DEX are clustered initially and after 3 d of plating. For example, large and very distinct preadipocyte clusters were evident after seeding and plating for 3 d with FBS+DEX (Yu and Hausman, 1996) , indicating that DEX-susceptible cells were grouped together initially, replicated, and were recruited to form large preadipocyte clusters. Therefore, in our study DEX-susceptible cells had replicated by 3 d, as had preadipocytes, and were then recruited by DEX treatment, resulting in clusters morphologically similar to those after FBS+DEX (Yu and Hausman, 1996) . However, delaying DEX treatment apparently reduced the number of Arrowheads indicate a fixed point (a cell that did not move) in these fields. Preadipocytes migrated, aggregated (a, b; arrows) and ultimately formed a ring-shaped cluster of fat cells (c, d; arrows) . In e through h small fat cells (arrows) migrated and the fat cell on the right formed contacts with a nonadipocyte and subsequently another nonadipocyte aggregated with this adipocyte and other cells. Evidence of cell migration can be seen throughout these fields, a through h, ×175. Yu and Hausman, 1996) . Treatment with DEX+ITS and treatment with DEX followed by ITS similarly increased fat cell development and GPDH activity . Therefore, the contrast between DEX and DEX+ITS in regard to preadipocyte clustering was completely unexpected in the present study. Possibly, progenitor cells and preadipocytes did not migrate or move in DEX-treated cultures as they did in DEX+ITS-treated cultures. Absence of insulin per se may result in poor cell attachment and spreading; cultures treated with DEX after 1 to 2 d of plating did not survive (present study). However, additional studies are necessary because cell migration was not directly examined in DEX-treated cultures.
There were several similarities between fetal adipose tissue and cultures treated with DEX either after or during 3 d of plating (present study; Yu and Hausman, 1996) . These included prominent and distinct clusters of preadipocytes/adipocytes with little lipid and little lipogenic or GPDH enzyme activity (present study; Hausman and Kauffman, 1986; Ramsay and Hausman, 1988; Yu and Hausman, 1996) . Furthermore, ECM components were expressed by fetal adipocytes in vivo (Hausman et al., 1991) and to an extent by preadipocytes in DEX-treated cultures in the present study. Insulin is very low in fetal pigs (Fowden and Bloom, 1986) and is not present in these (DEX) cultures. Therefore, results of in vitro studies (present study; Yu and Hausman, 1996) indicate that DEX or glucocorticoids per se may induce or regulate morphogenetic aspects of adipogenesis in the fetus. In fact, hydrocortisone treatment (20 d ) of hypophysectomized fetuses did restore hypophysectomy-induced deficits in surface glycoconjugate staining of the adipocyte associated vasculature (Hausman, 1996, unpublished observations) . There are few relevant in vitro data, but DEX did stimulate ECM-associated chondroitin 4-sulfate proteoglycans in a study of 3T3-L1 preadipocytes (Calvo et al., 1991) . Regardless, S-V cultures treated with DEX after or during 3 d of plating may be an effective model system for studies of fetal adipocyte development.
Implications
In general, these results validate the use of primary stromal-vascular cell culture as an effective model system for morphological studies of porcine preadipocyte development. This research clearly indicates that the matrix material around cells (extracellular matrix [ECM] ) is expressed by porcine preadipocytes as they develop in cell culture. The ECM components are expressed later than preadipocyte marker antigens studied with AD-3 and other monoclonal anti-adipocyte antibodies. The ECM expression may be associated with the morphological transition of preadipocytes to adipocytes. Therefore, blocking ECM production or expression during critical periods of fetal fat development may impair fat cell development in pigs.
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